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ABSTRACT ARTICLE HISTORY
Based on panel data from 2002 to 2017 in China, this paper anal- Received 23 April 2020
yses the influence of internal migration on regional innovation. ~ Accepted 30 June 2020

The results show that internal migration not only has a significant
promoting effect on improving regional innovation, but also
presents a significant spatial agglomeration phenomenon. That is,
internal migration has a significant positive impact on regional
innovation according to the regression without spatial effects.
And aIt.houg.h in.ternal migration will prompte input of regional JEL CLASSIEICATION
innovation, it will also have a negative impact on output of 031; 038; €23
regional innovation. Meanwhile, internal migration will have a sig-

nificant negative impact on innovation input in adjacent areas,

and a significant positive impact on innovation output. Through

decomposition, from the input of innovation, the migrant popula-

tion will have a significant impact on local innovation, but it will

also inhibit the innovation input of adjacent regions through

indirect effects. Although the migrant population will have a sig-

nificant negative impact on output of innovation, it will also pro-

mote innovation output significantly in adjacent regions through

indirect effects, and have a positive impact on the improvement

of overall innovation.

KEYWORDS

Internal migration; regional
innovation; space

overflow effect

1. Introduction

In economic production activities, population is an important factor; it is not only
the consumer but also the producer of the initial stage of the product. Migration
across regions is essentially the spatial reconstruction of labour, human capital and
consumer groups. According to the new economic growth theory, technological pro-
gress is at the core of promoting economic growth. However, technological progress
stems largely from innovation, so migration has an important impact on urban
innovation. Migration has a positive contribution to innovation, especially high-qual-
ity or diverse migration. First, migration has brought about the concentration of the
total population and increased opportunities for communication. Second, skilled

CONTACT Xindong Zhao () xzhao@hqu.edu.cn

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2020.1792325&domain=pdf&date_stamp=2021-12-28
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/1331677X.2020.1792325
http://www.tandfonline.com

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 499

migration, enthusiasm of young people, self-realisation, courage to take risks and
entrepreneurship will drive innovation and development. Third, migration will bring
racial and cultural diversity to cities, promote the integration and exchange of urban
ideas, and provide a good atmosphere for innovation. With the change of the house-
hold registration system in China, the scale of migration is expanding. According to
the Statistical Bulletin of National Economic and Social Development, the total
migrant population was 2.44 billion in 2018, so the proportion of the migrant popula-
tion is still large. The tide of the migrant population has become a unique landscape
in the period of social and economic structural change in China. In terms of inter-
national migration, western scholars demonstrated that human capital and knowledge
spill-over caused by migration can significantly improve the innovation of emigration
countries. Meanwhile, in terms of the distribution of migration in China, the spatial
distribution of internal migration is extremely uneven. The Midwest is the main
region of emigration; the East is the main region of immigration. The large internal
migration further enhanced the agglomeration effect of coastal areas, and formed a
positive feedback mechanism. The large amount of immigrant labour made up for
the shortage of labour supply in the eastern region and it became an important factor
to promote economic development (Wang & Huang, 2005). The large-scale internal
migration is bound to have an important impact on regional economic development
(Yu et al,, 2013) as the basic flow of migration is from low-income areas to high-
income areas, or economically backward areas flow to economically developed areas.
Therefore, in view of the migration situation of China’s inter-provincial region, the
following questions are raised. Will inter-provincial migration have an impact on
regional innovation in China? Can migration not only effect regional innovation, but
also have spatial spill-over effects on adjacent areas? This is worthy of further study.
Based on the perspective of regional innovation, this paper not only investigates
the impact of immigration on regional innovation from a static point of view, but
also uses the spatial measurement method to analyse the spatial spill-over effect of
immigration on regional innovation, including innovation input and output. This can
further inspire us to support areas with weak regional innovation due to migration.

2. Literature review

Generally, population migration refers to the population distribution of geographical
spatial change, including time and space. The migration referred to in this paper is
mainly the movement of the population that crosses the provinces, and becomes resi-
dent. Since Joseph Schumpeter first put forward the ‘innovation theory’, literature
about technological innovation has gradually enriched. With the development of the
economy, the scale of expanding migration, and the impact on the economy and soci-
ety gradually deepens. Many scholars have linked migration with regional innovation,
and try to study their internal mechanisms. And with the coming of the era of the
knowledge economy, human capital as the core capital of innovation has drawn more
and more attention. Some scholars believe that regional innovation is largely reflected
in the quantity, quality and structural relationships of human capital (Yang, 2015).
On the relationship between human capital and regional innovation, scholars have
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carried out a considerable amount of research. In terms of the amount of human cap-
ital, Qian et al. (2010), using inter-provincial data and the spatial regression method,
including the spatial lag model and the spatial error model, estimated the influence of
human capital on the level of technological innovation. They found that the propor-
tion of higher education for practitioners has a significant positive correlation with
provincial technological innovation activities. Wang (2015) used the threshold model
to explore the non-linear relationship between human capital and regional innov-
ation. Ma (2016) thought that human capital has a spatial spill-over effect, which not
only has an impact on technological progress in the region, but also a significant
impact on the innovation of neighbouring regions through transportation infrastruc-
ture. In terms of human capital structure, Zhang and Shi (2018) considered that
human capital has a significant positive impact on basic innovation in China, and
that higher education plays a key role in the structure of human capital in regional
innovation. In terms of human capital mobility, Simonen and Mccann (2008) used
the probit model to explore the impact of human capital flows on corporate innov-
ation. They found that local human capital investments had no significant impact on
innovation, but inter-regional human capital inflows could promote product innov-
ation and process innovation significantly. The impact on regional innovation caused
by migration can be reflected in the following.

First, in terms of the total population, immigration increases the total population
of the region, and it has an impact on innovation in the regional economy.
Immigration increases the supply of labour in the local region, it can increase the
competitiveness of regional labour and stimulating innovation (Freeman, 1997). So,
the increase of foreign students would increase the patents (Chellaraj et al., 2008).

Second, the age structure and individual characteristics of immigration have influ-
ence on regional innovation. Migration aged 20-30 will reduce the average age of
labour and because they have a higher ability to innovate, it can bring more innov-
ation to the area of immigration (Poot, 2008). The study was based on the urban
population and showed that there was a significant positive correlation between the
population aged 15-64 and innovation (Huang et al., 2014). At the same time, educa-
tion and the proportion of the urban population were positively correlated with
regional innovation. The survey data of college graduates found that, with the
increase of highly skilled migration, the level of regional patents showed a rapid
growth trend (Hunt & Gauthier-Loiselle, 2010). The study used the three-stage least
square method to analyse the relationship between migration and innovation in the
UK. It was found that the migration of college graduates brought about human cap-
ital and improved the level of regional innovation (Faggian & Mccann, 2008). There
is a positive correlation between the characteristics of migrant labour and the average
innovation in the labour market. The migration of skilled labour has a significant
promoting effect on innovation (Mare et al., 2011). When skilled labour comes from
developed countries, it will increase the number of patent applications (Lissoni, 2018;
Partridge & Furtan, 2008). Bosetti et al. (2015) analysed the effect of skilled migration
on two measures of innovation — patenting and citations of scientific publications -
in a panel of 20 European countries. Skilled migrants positively contribute to know-
ledge formation in host countries. High-quality labour is one of the key factors for
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the success of innovation and maintaining the advantages of innovation in the
metropolis. There are problems in the process of urban innovation in Shanghai, such
as relatively lagging population growth and insufficient mobility, diversity and open-
ness, so population and industrial control should be relaxed (Zuo & Wang, 2009).
Fan and Liu (2012) analysed the influence of transnational migration on the structure
of human capital and technological innovation in developing countries. Under the
influence of the cost difference between domestic and foreign coordination, trans-
national migration will stimulate the labour of the migrants to choose more special-
ised education, thus changing the structure of human capital in the source country of
migration and affecting the efficiency of technological innovation.

Third, the cultural diversity of immigrants has an impact on innovation.
Immigrants can promote innovation by increasing regional cultural diversity. Cultural
diversity has a positive impact on regional productivity and innovation (Ozgen et al,
2011, 2014). There is a positive correlation between multiculturalism and innovation
in corporate labour (Lee & Nathan, 2010). The scholar studied the impact of inter-
national migration on innovation and considered that with the background of cul-
tural diversity in R&D activities, the inflow of talent can increase innovation output
(Niebuhr, 2010). Other scholars studied the influence of high-quality migration on
innovation from the individual and national level. They believed that the migration
of college graduates will improve the level of innovation significantly (Hunt &
Gauthier-Loiselle, 2010). However, the cultural diversity of immigrants also has a cer-
tain negative impact on innovation. On the one hand, transnational migration will
encourage labour in the source countries of migration to accumulate more innovative
knowledge. It will distort the knowledge structure of labour and reduce the speed of
economic growth (Fan & Liu, 2012). On the other hand, when the population inflow
capacity is insufficient, it will restrict the social, economic and innovation of the
region. The increasing rate of migration is also an important reason for the difference
of innovation ability.

In summary, most empirical studies demonstrated a positive impact on the innov-
ation of migration, when considering the number of inflow population, high skills
and young immigrants, diversity and so on. The domestic research on migration
basically shows that migration plays a significant role in promoting regional economic
development. At present, although the domestic research on the relationship between
migration and economic growth is relatively rich, the impact of migration on regional
innovation is relatively scarce. The orderly flow or migration of population between
regions can form an agglomeration effect. It will enhance regional innovation and
promote the development of the regional economy (Wang, 2009). This study used
provincial data from 1990 to 2009 to explore the spill-over effects caused by the con-
centration of human capital to cities under the background of rapid urbanisation in
China. The spill-over of human capital brought by population concentration will pro-
mote the improvement of regional innovation (Shi, 2013). This paper established an
empirical model to analyse the relationship between the accumulation of scientific
and technological talent and regional innovation in 31 provinces of China. The results
show that there is an interactive relationship between the effect of scientific and
technological talent and regional innovation, and it shows a spiral upward trend.
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Although these studies discuss the impact of migration on innovation from different
angles, there was no literature to take spatial factors into account (Gao et al., 2014).
The importance of empirical analysis by introducing the spatial panel model is that it
can reflect the spatial correlation and spatial spill-over effects of regional innovation
activities. Based on the theory of endogenous growth, this paper holds that popula-
tion migration mainly affects regional innovation by producing human capital accu-
mulation and knowledge spill-over effects.

3. Model
3.1. Basic model

According to the mode of knowledge production function, we set innovation as a
function of the number of R&D personnel and the investment of R&D capital, that
is:

Air = QA Ly K (1)

where i,t represent the region and time, respectively. @ represents the output effi-
ciency. A denotes the knowledge output. A denotes the knowledge stock. L, K denote
the number of R&D personnel and R&D capital input in the R&D sector engaged in
innovation activities, respectively. The parameters o4, oy and o denote the know-
ledge stock, the innovation output elasticity of R&D personnel and R&D capital,
respectively.

There is an independent labour age effect caused by research ability and innov-
ation motivation in innovation activities. Inter-provincial population migration will
directly affect the working age composition of the region (Frosch & Tivig, 2009).
Therefore, we have introduced a migration factor e/* to capture the demographic
effect of inter-provincial migration on regional development ability and innovation
motivation. The a varies with age.

Ay = Qelt ALK ()

The logarithmic transformation of formula (2) is carried out, i.e. the basic model
of this paper is obtained:

InAy =Ing+7v,Ine, +axlnA, + o lnL, +oxlnK, (3)

By simplifying formula (3), we can test whether immigration of the population will
have a different impact on the innovation activities in the regions. The basic econo-
metric model equation is set as follows:

innovation; = oy + oymigrate; + BXy + €i (4)

In the model Equation (4), the variable innovation; is the agent index used to
measure the innovation activities of the i provinces and the year t. migrate; repre-
sents the migration. In order to solve the possible bias problem caused by missing
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variables in Equation (4) as far as possible, we set the control variable as X. In add-
ition, we also control the virtual variables of the fixed effects of the provinces and the
years in Equation (4). The former is used to control the differences in regional innov-
ation activities due to the differences in government support policies, technological
levels and even geographical location in different provinces. The latter is used to con-
trol the impact of changes in government support policies or external macroeconomic
changes. g; represents a random error term.

3.2. Spatial metrological model

Considering that innovation may be affected not only by the internal migration, but
also by migration and other related factors in the adjacent region. The spatial metro-
logical model used in the empirical analysis of this paper is obtained by adding spa-
tial factors on the basis of the general panel model. In general, spatial measurement
models include the spatial lag model (SAR), spatial error model (SEM) and spatial
Durbin model (SDM).

Generally, the spatial lag model (SAR) is used when considering endogenous inter-
actions between interpreted variables. The SAR model mathematical expression is:

innovationy = oy + pWinnovation;, + oy migrate; + PXy + €x (5)

where i represents region, t represents year, innovation represents the regional innov-
ation, W represents the space weight matrix, Winnovation represents the spatial lag
term of the regional innovation, X represents all others explanatory variables, a, p,
and v are the correlation coefficients, €; is the random disturbance term.

When considering the interaction effect between error terms, the spatial error
model (SEM) is used. The mathematical expression of the SEM model is:

innovationy = oy + oymigrate; + PXi + 1y (6)

Ry = AW + & 7)

A is a spatial error factor, measuring the spatial dependence of sample observations
on random perturbations. Other variables mean the same as formula (5).

The spatial Durbin model (SDM) considers the spatial correlation of dependent
variables and the spatial correlation of the arguments. That is, the dependent variables
are not only affected by the regional arguments, but also by the other regions of the
arguments and dependent variables.

innovation; = pWinnovation; + oymigrate; + BWXy + W; + ve + €t (8)
where WX is the spatial lag term of the explanatory variable, ; is the individual fixed

effect, v; is the time fixed effect and g;; is the random disturbance term, respectively.
Other variables mean the same as formula (5).
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3.3. The spatial weight matrix

The spatial weight matrix commonly used in the existing research includes adjacent
matrix (0 — 1 matrix), economic weight matrix and geographical distance matrix. The
spatial dependence between variables is investigated from three aspects: geographical
proximity, economic correlation and inter-regional distance. However, it is worth
noting that the spatial correlation mainly comes from the spatial interaction formed
by the flow of elements (Cai & Qian, 2013). High-skilled and high-quality labour is
the driving force for the improvement of regional innovation. Therefore, this paper
establishes the following three spatial weight matrices:

1. The spatial weight matrix of the geographical distance.

The geographic distance weight matrix is the relation between the further spatial
units based on the adjacency matrix, and the form of which is shown in (9). The
matrix element of row i and column j is the matrix element W,-’}’, the row and
column correspond to the spatial unit, and the elements on the diagonal line are
zero. The space d;; is the geographic distance between the space unit i and the
space unit j. We use the linear Euclidean distance between the provincial capital
cities. o is a coefficient, and in order to eliminate the influence of distance meas-
urement units on the results, and to avoid the error caused by the weight calcula-
tion result being too small, we replace it with dy;,, the reciprocal of the shortest
distance between cities. In order to simplify the model and make the results easy
to explain, the spatial weight matrix is often standardised to the sum of each row
element to 1, bearing in mind that the standardised weight is

d

d_ et ity e ) == i#]

Wi = 0,i=j P W= W ©)
0,i=j

2. The spatial weight matrix of economic characteristic space distance.

Although the space spill-overs of the innovation have the distance attribute, the
spatial relationship of the regional innovation with the geographical features only
appears to be rough, and there is a certain deviation from the fact. As a system-
atic activity, regional innovation is bound to be affected by many other non-geo-
graphical adjacent factors, such as the degree of economic development and the
difference of infrastructure. Therefore, we need to depict more complex spatial
connections of innovation from the point of view of economic characteristics. In
this paper, the social and economic characteristics of regions are divided into
economic base and human capital, and the spatial weight matrix is established
respectively. The potential meaning is that the more developed the economy in a
region, the more basic elements represented by human capital, the higher the
efficiency of the innovation overflow in the neighbouring area, and the improve-
ment of its own innovation efficiency.

The form of economic distance space weight matrix is as follows:
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Wy = Widiag(Y1/Y,Y2/Y, ..., Y,/Y) (10)
W' = Wi ij (11)
LW

where Wg is the spatial distance weight matrix, Y; = 1/(t;—ty + 1) ZZ’ Yj; is the
GDP mean value of the province i during the observation period, and Y =
1/n(ti—to+1)> 1, Y is the GDP mean value is the total observa-
tion period.

3. The spatial weight matrix of human capital distance.
The spatial weight matrix of human capital is as follows:

W} = Widiag(H,/H,H,/H, ...,H,/H) (12)

h

wit = i
ij Z We’l 7&] (13)

where H; = 1/(ti—ty + 1)2; j is the average value of human capital, and

H=1/n(ti—to+1)> 7 >F i Hij is the mean value of human capital in the total

observation period.
The above spatial weight matrix is set up in both socio-economic factors and geo-
graphical distance factors. Therefore, the above spatial weight matrix can show that
the areas with high economic development level or human capital level have stronger
spatial influence and radiation effect on the economic level or the low human capital
level. For example, the influence intensity of Beijing on Hebei is obviously greater
than that of Hebei on Beijing.

3.4. Moran’s |

Because of the need to verify the spatial correlation between variables in the construc-
tion of spatial model, it is usually necessary to use Moran’s I to test the spatial correl-
ation of variables.

The indicators are constructed as follows:

n n — —
n E . j:lwfj(xi —X)(x; — X)
n n n —
Zz IZJ 1 IJZI 1 xl_
Ell le,]x,— )(xj — X)
2 "
S Zi:le:l Y

where 8 =370 370wy, X =13 0, x;, X; represents the observed value of the i
spatial element, n is the number of the space elements, the space wj is the spatial
weight matrix element. The range [-1, 1] of the Moran’s I indicates the spatial

Moranl =

(14)
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positive correlation of economic behaviour when the value is greater than 0. There
are similar properties, and there is a spatial correlation between economic behaviour
when it is less than 0. The absolute value of Moran’s I represents the degree of spatial
correlation. The larger the absolute value is, the greater the degree of spatial correl-
ation is, or the smaller the degree of spatial correlation is.

4, Variable and data

Based on the existing research, this paper uses two kinds of agency indicators to
measure regional innovation. First, from the perspective of innovation input, we use
R&D expenditure (the amount of scientific and technological activities funds) to rep-
resent the innovation in provinces of China. Second, from the perspective of innov-
ation output, it is expressed by the patent authorisation of local legal entity or natural
persons in provinces of China. On the one hand, the patent of the invention is used
to represent independent innovation at the national, regional or enterprise level, and
the way is used by literature extensively (Hashmi & Van Biesebroeck, 2016). On the
other hand, compared with the form of application, the patent in the form of author-
isation obviously reflects the substantive connotation of innovation. The data are
derived from China Statistical Yearbook on Science and Technology.

The migration is the core explanatory variable, and it is expressed by the rate of
internal migration in each region and calculated in the form of internal migration
divided by the average population at the end of the year during the survey period.
The data came from the sample data of 1% population sample survey in 2005, 2010
and 2015, and 1% population change survey sample data in other years.

In order to ensure the robustness of the model estimation results, we add the rele-
vant control variables.

4.1. The growth rate of per capita GDP

In the base period of 1997, we adjusted the GDP deflator index in all provinces of
China, divided by the total population, and finally calculated the growth rate of per
capital GDP. The index can reflect the difference of economic development level,
technical level and the scale of domestic demand in different provinces, all of which
are important factors that affect the activity and the difference of regional innovation.

4.2. Human capital

Human capital is an important factor that influences innovation (Cohen, 2010; Sun &
Shen, 2009). Usually, there is no direct measure of human capital, so it is mostly
measured by the level of education per capita. Based on the measurement of human
capital (Zhang et al., 2016), the index variables of per capita education in different
provinces of the corresponding years are calculated. The relevant data come from
China Population & Employment Statistics Yearbook and China Statistics Yearbook.
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4.3. Industrial structure

Because there are some differences in the development of industrial structure among
the regions in China, the level of innovation will be affected (Liang & Zhan, 2006; Yu
& Liu, 2011). This paper is measured by dividing the added value of the tertiary
industry by the added value of the secondary industry in each province.

4.4. Regional innovation environment

The urbanisation rate is used to express the environment of regional innovation. In
general, it is directly related to the level of economic development. The higher the
regional economic development, the higher the rate of urbanisation. In addition, the
urbanisation rate also reflects the concentration level of the region to a certain extent.
Regional economic development and agglomeration constructed the environment of
regional innovation, and have an important influence on regional innovation. In
order to facilitate, the rate of urbanisation is calculated by dividing the urban popula-
tion by the total population at the end of the year.

4.5. The extent of opening to the outside world

From both macro and micro perspectives, many studies found that trade opening was
an important factor to affect innovation activities (Bloom et al,, 2013). Regarding
export, the effects of export on China’s innovation activities are as follows. On the
one hand, exports can promote the improvement of China’s micro-sector innovation
ability through learning effect (Wang & Yu, 2012). On the other hand, exports may
also lead Chinese micro-enterprises to be locked at the lower end of the global value
chain controlled by developed countries, curbing the improvement of China’s ability
to innovate independently (Zhang et al., 2007). Regarding import, because the
imported goods contain a certain proportion of advanced production equipment and
key spare parts with high technical content, it is not only possible to form a comple-
mentary effect on the innovation activities of the micro-enterprise sector (learning
effect in import), but also possible to produce alternative effects (competitive effects)
(Kasahara & Rodrigue, 2008; Lu & Ng, 2012). Whatever the effect of imports on
innovation activities is dominant, import factors need to be controlled.

4.6. Technology spill-over

In the context of economic globalisation, regional foreign economic relations are
becoming closer. The expansion of international trade and international investment
accelerates the dissemination of knowledge, information and technology. The technol-
ogy spill-over effect will have a great impact on regional innovation. Usually, technol-
ogy spill-over can be expressed by the total amount of foreign capital actually utilised
in that year. Due to the fact that the actual amount of foreign investment is denomi-
nated by United States dollars, the average annual exchange rate value of official pub-
lications is converted into the corresponding RMB. In order to ensure the
comparability of the obtained data, the price fluctuation factors need to be eliminated
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Table 1. Definitions and related descriptions of variables.

Mean Standard Minimum Maximal

Index factor Variables Symbol value deviation value value
Region innovation R&D internal expenditure Inpatent 8.75 1.83 1.95 12.71
(log type)
Patent authorisation for Inrd 13.64 173 8.04 16.97
invention (log type)
Internal migration Inter-provincial internal immigrate 0.16 0.13 0.00 0.71
migration rate
Economic Per capita GDP avgdp 0.10 0.03 -0.02 0.23
development growth rate
Human capital Average level of education nedu 8.46 1.23 3.74 12.50
Extend of opening Proportion of imports import 0.15 0.23 0.00 134
to the outside world to GDP
Proportion of exports export 0.16 0.18 0.01 091
to GDP
Technology Total actual utilisation of Infi 3.91 1.69 0.34 7.26
spillovers foreign capital
(log type)
Industrial structure The proportion of the ISP 1.02 0.54 0.32 424

added value of the
tertiary industry in the
added value of the
secondary industry
Regional innovation Urbanisation rate urb 0.50 0.15 0.20 0.90
environment

so that 1997 is the base period. We use the consumer price index to adjust the actual
utilisation of foreign capital in the current year. The exchange rate comes from the
World Bank Database, and the total amount of foreign capital actually utilised in that
year comes from the Statistical Yearbooks of the provinces over the years.

5. Empirical analysis
5.1. Regression without spatial effects

Tables 1 and 2 reports the results of internal migration on regional innovation with-
out spatial effects. The fixed-effect model and the random-effect model are used for
estimation. According to the Hausman test, the fixed-effect model is more suitable.
Therefore, we mainly analyse the results of the fixed-effect model.

The results show that the coefficient of internal migration is positive which indi-
cates that internal migration has a significant positive impact on regional innovation
for both innovation inputs and innovation outputs. That is, the higher rate of the
regional migration, the higher the regional innovation. Man is the carrier of know-
ledge, and migration provides an effective way for the accumulation of human capital
and knowledge spill-over. On the one hand, migration can affect regional innovation
directly by increasing the accumulation of local human capital. On the other hand,
the knowledge contained in migration will also have an indirect effect on regional
innovation through spill-over effects. This kind of knowledge overflow includes both
the overflow of explicit knowledge and the overflow of implicit knowledge. Stealth
knowledge is generally produced in production practice, and its spread and diffusion
require full proximity of geographical space. Migration can bring the opportunity to
exchange information, ideas and technologies. It promotes the spread and overflow of
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Table 2. The impact of internal migration on regional innovation.

Random effect Fixed effect

Variables Inpatent Lnrd Inpatent Inrd

immigrate 1.250%** 1.287%%* 0.797%** 0.730%**
(0.222) (0.188) (0.198) (0.150)

Nedu 0.510%** 0.372%%* 0.308*** 0.105%*
(0.058) (0.049) (0.055) (0.041)

urb 9.446%** 8.926%** 5.912%** 3.936%**
(0.545) (0.471) (0.646) (0.489)

avgdp -0.400 0.821 -0.304 0.533
(0.675) (0.573) (0.588) (0.445)

ISP -0.037 -0.202%** -0.082 —0.3271%%%*
(0.072) (0.062) (0.066) (0.050)

Infi 0.413%%%* 0.675%** 3.430%** 4,632%F*
(0.113) (0.115) (0.340) (0.257)

export -0.227 -0.479* 0.131 0.150
(0.331) (0.282) (0.295) (0.223)

import —1.2071%%%* -0.813%** -0.643** -0.526**
(0.308) (0.264) (0.278) (0.210)

Constant ~1.837%%* 34710 -10.16%** —7.120%%*
(0.473) (0.449) (0.938) (0.710)

Observations 496 496 496 496

R-squared 0.9121 0.9186 0.926 0.947

Note: the standard deviation of each coefficient is indicated in brackets, ***, **, * represents 1%, 5% and 10% sig-
nificant level, respectively.

hidden knowledge, thereby increasing the output of regional innovation. Immigration
has injected new vitality into the innovation of regional development and created the
conditions for the improvement of regional innovation. Internal migration changes
the geographical spatial distribution of population and optimises the allocation of fac-
tors of production. Therefore, the scale and quality of migration must have an
important impact on regional innovation. The estimate of the coefficient of education
is positive, which indicates that there is a significant positive correlation between
regional innovation and human capital. In the case of other variables unchanged, the
amount of invention and the investment of R&D will be improved when the average
level of education in the region increased. In the era of the knowledge economy, the
competition between countries or regions is a competition of talent and human cap-
ital has become the main force to promote regional innovation and even regional
economic development. Therefore, the higher the education in a region, the higher
the region’s human capital stock, the greater the region’s ability to transform know-
ledge into new products, processes and services, and the greater the driving force for
regional innovation. The coefficient of urbanisation rate is positive, which indicates
that the urbanisation rate plays a significant positive role in promoting regional
innovation. The urbanisation rate reflects regional economic development and con-
centration to a certain extent. It indicates that urbanisation had a positive effect on
regional innovation. The influence coefficient of the actual utilisation of foreign cap-
ital on regional innovation is significantly positive, i.e. technology spill-over has a
positive effect on improving innovation. The coefficient of import is significantly
negative. Due to the fact that imported goods and products can make up for the
demand of the domestic market to a certain extent, domestic enterprises can reduce
the demand of innovation promotion.
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Table 3. Test results of the Moran’s | of regional innovation in China.

R&D R&D
Patent internal P Patent internal
year  authorisation P value expenditure value Year authorisation P value expenditure P value
2006 0.088 0.065 0.105 0.059 2012 0.142 0.013 0.120 0.043
2007 0.110 0.042 0.102 0.065 2013 0.140 0.018 0.127 0.036
2008 0.104 0.052 0.118 0.045 2014 0.136 0.023 0.130 0.033
2009 0.127 0.030 0.101 0.066 2015 0.122 0.034 0.131 0.032
2010 0.129 0.027 0.100 0.069 2016 0.118 0.038 0.129 0.034
2011 0.148 0.012 0.110 0.054 2017 0.082 0.048 0.121 0.041

5.2. Regression with spatial effects

5.2.1. Space self-correlation test

In order to test whether regional innovation is random or specific in distribution, it
is necessary to conduct space self-correlation test to judge whether the model of space
measurement is suitable for the analysis. Based on the setting of the above model,
index selection and the construction of space weight matrix, the global self-correl-
ation analysis of the innovation of 31 provinces (or cities) in China during the period
2006-2017 is carried out using the Moran’s I test, and the results are shown
in Table 3.

Table 3 show that the Moran’s I value of innovation always fluctuates above 0.1,
which deviated significantly from random distribution. Therefore, there is significant
global spatial correlation in the innovation of provincial regions in the sample area
which needs to be analysed empirically by constructing spatial model. Firstly, the
appropriate model is selected by LR test and Wald test. The test results show that the
original hypothesis of spatial lag model and spatial error model is rejected at 1% level.
It indicated that the spatial Durbin model should be selected. At the same time, for
the spatial Durbin model, the Hausman test shows that the fixed-effect model should
be selected. In order to compare with the results of the spatial Durbin model, the
spatial self-regression model, the estimation result of the spatial error model and the
robustness of the estimation result are also presented in the following analysis. In
addition to the spatial weight matrix based on geographical distance, the economic
distance space weight matrix and the human capital space weight matrix are also
introduced. This paper used maximum likelihood method to estimate each model.

5.2.2. The impact of internal migration on the input of regional innovation

Table 4 show that the goodness of fit in each model is high, and the statistics have
passed in the test of 1%, which shows that the fit of the model is better and the over-
all credibility is higher. Whether based on the spatial weight matrix of geographical
distance, economic distance or human capital, the influence of internal migration on
the input of each province innovation is significantly positive except in the spatial
weight matrix of economic distance in the SAR model. Based on China’s current situ-
ation, the regions with high population inflow are mainly concentrated in the eastern
cities. And because of its high potential for innovation, the government will increase
the input of innovation naturally. In addition, the impact of urbanisation rate (urb)
and total foreign capital utilisation (Infi) on R&D investment is significantly positive,
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but the effect of industrial structure (ISP) on R&D investment is significantly nega-
tive. These results are consistent with the reality of China. The relatively high urban
population also reflects the high level of concentration in the region, thus investing
in R&D funds is also higher. The higher the total amount of foreign capital utilisa-
tion, the closer regional and foreign economic ties are, and investment in R&D funds
is also higher.

In the SDM model, from the result of spatial weighting coefficient, the different spatial
weight matrix models all show that internal migration will have a significant negative
impact on the innovation output of adjacent regions. Due to the region absorbing a large
amount of young labour from the adjacent regions, this can not only improve the labour
productivity of the local labour market, but also enhance the innovation potential of the
region. And because the adjacent region has lost a large amount of high-quality labour, it
will have a negative impact on the investment of innovation in adjacent regions (Cai,
1995; Zhang & Zhu, 2004). The urbanisation rate will also have a significant positive
impact on the innovation output of adjacent regions (Yang et al, 2019). In addition,
industrial structure and exports will also have a negative impact on the innovation output
of adjacent regions. Due to the gradual optimisation and upgrading of the local industrial
structure, demand in the labour market will also be improved; in particular, high-quality
labour will increase. The expansion of exports will also have a significant negative spatial
spill-over effect on the adjacent region. This can be explained as an impact on the innov-
ation input of adjacent regions when the region improves the capacity to innovate
through foreign trade routes.

In the general econometric model, the regression coefficient of each explanatory
variable represents the degree of its influence on the explained variable while in the
spatial econometric model, the regression coefficient contains direct and indirect
effects. The coefficient of the spatial lag of the explanatory variable can also have an
effect on the feedback effect. Therefore, in order to ensure the preciseness of the esti-
mated, the regression coefficients of the spatial Durbin model should be further
decomposed. That is, the spatial spill-over effects should be decomposed into direct
effects and indirect effects (Xu, 2016). Direct spill-over effects are defined as the
influence of independent variables of a region on its dependent variables, and defined
indirect spill-over effects as the influence of independent variables of a region on
adjacent dependent variables with spatial correlation (Ugarte, 2011). Therefore, the
estimation results of direct and indirect effects of spatial Durbin model are also listed
in Table 5.

Table 5 shows that the migrant population will have a significant impact on the
input of local innovation, but will also inhibit the innovation input of adjacent
regions through indirect effects. Increase in the urbanisation rate will significantly
promote the innovation input of local and adjacent areas. The optimisation of indus-
trial structure will not only significantly reduce the innovation input, but also reduce
the innovation input of adjacent regions through indirect effects. At the same time,
according to the results of the direct effects, the utilisation of foreign capital has a sig-
nificant positive impact on the region’s innovation input. The indirect effect of
exports has a significant negative effect on innovation investment of the adjacent
area. On the whole, the spatial effect decomposition is similar to the previous results.
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5.2.3. The impact of internal migration on the output of regional innovation
According to Table 6, in the spatial Durbin model, the coefficient of internal migration
on output of innovation is negative. Combining with Table 4, it can be found that
although internal migration will promote the regional input of regional innovation (R&D
funds), it will also have a negative impact on output of regional innovation (patent
authorisation). Usually, it will take a long time from input of elements to output of
innovation, but the migrant population belongs to unstable factors, and the impact on
regional innovation cannot form a long-term trend. Therefore, in order to maintain the
positive effect of the migrant population on innovation, it is necessary for local govern-
ment to make efforts not only to introduce more proactive talent policies, but also to
retain innovative talent. Meanwhile, the impact factor of education, the urbanisation rate
and the actual utilisation of foreign capital on innovation output is significantly positive.

From the result of the spatial weighting, the different spatial weight matrices of SDM
models show that the internal migration and the urbanisation rate will have a significant
positive impact on innovation output in the adjacent regions. The improvement of edu-
cation will also have a significant negative impact on the innovation output of adjacent
regions in the geographical distance weight matrix and human capital spatial weight
matrix SDM model. In addition, the different spatial weight matrices of SDM models
show that the actual utilisation of foreign capital, imports and exports also have negative
effects on innovation outputs of adjacent regions.

Table 7 presents the results of direct and indirect effects of innovative output. The
results show that although migration will have a significant negative impact on output
of innovation, it will also promote innovation output significantly in adjacent regions
through indirect effects, and have a positive impact on the improvement of overall
innovation. Tsvetkova et al. (2020), builds on recent developments in evolutionary
economics combined with a more traditional spill-overs perspective. The results sug-
gest reinforcing dynamics between proximity to the metropolitan industry mix and
metropolitan patenting intensity in promoting survival of non-patenting companies.
Education will promote innovation output in a region directly, but it will also have
an inhibited effect on the adjacent areas through indirect effects. The increase of
urbanisation rate will significantly promote innovation output and that of its adjacent
regions, and the optimisation of industrial structure will also reduce the level of
innovation output directly. The actual utilisation of foreign capital will have a positive
impact on innovation of the local region through direct effects, but it will have a
negative impact on the innovation output of adjacent regions though indirect effects.
At the same time, both imports and exports will have a significant negative impact
on the innovation output in neighbouring regions through indirect effects.

6. The conclusion and enlightenment

Based on the panel data in China, the paper analyses the effect of internal migration
on regional innovation by building a panel model and a space model. The results
show the following. First, internal migration has a significant positive impact on
regional innovation according to the regression without spatial effects. That is, the
higher the rate of migration, the higher the regional innovation. In the spatial model,
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although internal migration will promote regional input of regional innovation, it will
also have a negative impact on output of regional innovation. Usually, it will take a
long time from input of elements to output of innovation, and the migrant popula-
tion is an unstable factor. So, the impact on regional innovation cannot form a long-
term trend. Therefore, in order to maintain the positive effect of migration on innov-
ation, it is necessary for local government to make efforts not only to introduce more
proactive talent policies, but also to retain innovative talent. Meanwhile, the impact
factor of education, the urbanisation rate and the actual utilisation of foreign capital
on innovation output is significantly positive.

Second, internal migration not only has a significant promoting effect on improving
regional innovation, but also shows a significant spatial agglomeration phenomenon.
From the results of spatial model, internal migration will have a significant negative
impact on innovation input of adjacent regions and a significant positive impact on
innovation output of adjacent regions due to the region absorbing a large amount of
young labour from adjacent regions, which cannot only improve the labour productivity
of the local labour market, but also enhance the innovation potential of the region. And
because the adjacent region has lost a large amount of high-quality labour, it will have a
negative impact on the investment of innovation in adjacent regions.

Third, the estimation results of the direct and indirect effects show that, from the
input of innovation, the migrant population will have a significant impact on local
innovation, but will also inhibit the innovation input of adjacent regions through
indirect effects. From the output of innovation, although migration will have a signifi-
cant negative impact on the output of innovation, it will also promote innovation
output significantly in adjacent regions through indirect effects, and have a positive
impact on the improvement of innovation overall.

Combined with the conclusions of this paper, the following policy suggestions are
put forward. First, there is inconsistency between input and output in the influence
of internal migration on the spatial spill-over effect of regional innovation. In order
to maintain the positive effect of migration on innovation, it is necessary for local
government to make efforts not only to introduce more proactive talent, but also to
retain innovative talent.

Second, in order to promote the improvement of productivity, we should improve
the level of urbanisation and increase investment in higher education. At present,
China has entered the new normal of slow economic growth. In order to maintain
innovation vitality and promote the sustained and healthy growth of the economy, it
is necessary to further increase investment in education in order to reserve sufficient
human resources and innovation.

Third, in order to prevent a gap in regional innovation and to avoid further wid-
ening the gap in regional economic development, financial support for the central
and western regions should be strengthened.
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